BACKGROUND: There is growing interest in developing systems to overcome barriers for acquiring and interpreting family health histories in primary care. OBJECTIVE: To examine the capacity of three different electronic portals to collect family history from patients and deposit valid data in an electronic health record (EHR). DESIGN: Pilot trial. PARTICIPANTS, INTERVENTION: Patients were enrolled from four primary care practices and were asked to collect family health history before a physical exam using either telephone-based interactive voice response (IVR) technology, a secure internet portal, or a waiting room laptop computer, with portal assigned by practice. Intervention practices were compared to a "usual care" practice, where there was no standard workflow to document family history (663 participants in the three intervention arms were compared to 296 participants from the control practice). MAIN MEASURES: New documentation of any family history in a coded EHR field within 30 days of the visit. Secondary outcomes included participation rates and validity. KEY RESULTS: Demographics varied by clinic. Documentation of new family history data was significantly higher, but modest, in each of the three intervention clinics (7.5 % for IVR clinic, 20.3 % for laptop clinic, and 23.1 % for patient portal clinic) versus the control clinic (1.7 %). Patient-entered data on common conditions in first degree relatives was confirmed as valid by a genetic counselor for the majority of cases (ranging from 64 to 82 % in the different arms). CONCLUSIONS: Within primary care practices, valid patient entered family health history data can be obtained electronically at higher rates than a standard of care that depends on provider-entered data. Further research is needed to determine how best to match different portals to individual patient preference, how the tools can best be integrated with provider workflow, and to assess how they impact the use of screening and prevention.
INTRODUCTION
Despite the longstanding interest of both patients and providers, substantial barriers exist to obtaining and integrating family health histories into primary care practice. [1] [2] [3] [4] [5] [6] [7] Electronic tools for patients may facilitate the collection of these data so that providers have more time to discuss preventive health care consequences. 8 Several factors are converging to drive interest in the adoption of effective and efficient systems for obtaining electronic data for family history from patients, including financial incentives for the "meaningful use" of electronic health records (EHRs), 9 new evidence for the clinical utility of family history, 10 and the growing use of genomics. 11 A recent report by Qureshi confirmed that adding family history improves the identification of persons with high cardiovascular risk in primary care practice. 10 The use of DNA based screening will require family history in order to interpret rare sequence variations. 12 This paper reports on work to compare the rates of documentation of family health history and the validity of data provided by three different electronic portals compared to "usual care," in a pilot trial.
METHODS

Setting and Participants
We included four primary care practices affiliated with Brigham and Women's Hospital. All of the practices used JGIM Electronic supplementary material The online version of this article (doi:10.1007/s11606-013-2442-0) contains supplementary material, which is available to authorized users.
the Longitudinal Medical Record (LMR), an internallydeveloped, certified EHR. 13 LMR includes a secure internet patient portal called Patient Gateway (PG), which is currently available only in English. Eligible patients were age 21 to 75 years with a scheduled visit for an annual exam at a participating practice between November 29, 2010 and March 11, 2012 , had a phone number listed in LMR, and spoke English or Spanish. At the time this study was initiated there was no standard workflow to document family history. Although coded fields existed to store this information, and decision support was available to assess risk based on entered data, the fields were cumbersome for providers to use (Fig. 1) . The study was approved by the Partners Human Research Committee and was registered at ClinicalTrials.gov (NCT00977847).
Intervention
The Surgeon General's My Family Health Portrait (MFHP) was launched in 2004 as a publicly available, web-based tool for gathering and organizing family history information.
14 MFHP was one of the most highly rated family history tools in a recent Agency for Healthcare Research and Quality Evidence Report. 15 MFHP is interoperable with messaging standards for EHRs (Health Level Seven [HL7]). It collects information about a broad set of health conditions for first degree and second degree relatives (https://familyhistory. hhs.gov/fhh-web/home.action).
For this pilot trial, patients from one practice were asked to complete the MFHP tool in the waiting room using a laptop, patients from a second practice were asked to complete MFHP at home and then transfer the file using PG, and those from a third practice were asked to complete the tool using an automated telephone script with content that mirrors that of MFHP. We selected a phone system because while many patients do not use the web regularly, 16 nearly all have telephones. The telephone script was conducted using interactive voice response (IVR) technology (Vocantas, Ottawa, ON), and was designed to take approximately 15-20 min, and was available in English or Spanish (English version available online). The IVR server sat behind the health system firewall. Data was transmitted to the EHR using a Simple Object Access Protocol (SOAP) Figure 1 . Example of coded family history fields available in the longitudinal medical record.
over Hypertext Transfer Protocol Secure (HTTPS). The data were formatted using the Health Level Seven (HL7) family pedigree standard.
Protocol
Assignment took place at the level of the practice, where each practice was assigned a specific data collection modality (IVR, patient portal (PG), waiting room laptop, usual care). Practices were not selected randomly; the IVR practice was selected because of a large Spanish-speaking patient population who could potentially not access the patient portal; the patient portal practice was selected because of high rates of registration for this service, and the laptop practice was selected based on proximity to study staff.
Approximately 1 month before their visit, eligible patients in the IVR arm were mailed an letter with instructions on how to opt-out. Patients who did not optout within 2 weeks received up to 15 call attempts over a 2-week period. No messages were left. If the phone was answered and hung-up twice by anyone in the household, this was considered a "passive" opt-out. Patients who answered the phone heard a brief informed consent script and were asked to confirm their interest in participating. Patients were asked to state their birth date to confirm their identity.
Patients in the PG arm received the study invitation to their PG account with instructions for recording and returning the data. The invitation contained a link to a secure version of the MFHP; patients were asked to save the output file to their personal computer and then transfer this file using PG. Only one file could be transferred per patient.
Eligible patients in the laptop arm were approached by a research assistant in the waiting room and asked if they wanted to participate. Laptop computers ran a version of MFHP on a secure website behind the Partners firewall, and data were transmitted wirelessly to LMR. Informed consent was obtained on the initial screen.
For each of these three modalities, any patient-entered family history data was sent in real-time to LMR where the patient's provider could view the information and decide whether to accept, reject, or modify the data before it was stored in coded fields in LMR. Data provided by patients that was never reviewed by the provider did not become part of the health record.
Validation
A subset of English-speaking patients in the three intervention arms were randomly selected for a follow-up phone call with a genetic counselor (n=57). The genetic counselor conducted a 5-10 min call building the family tree and assessing the conditions of each first degree and second degree family member reported. Family members and diagnoses were then categorized as confirmed, amended, added, or removed by comparing the information elicited by the genetic counselor to that reported by the patient. Participants who completed this validation were entered into a monthly drawing for a $100 gift card.
Patients who were not selected for the validation call were asked to complete an IVR survey approximately 4 weeks following their visit. This survey included questions about whether they had discussed family history with their provider and preferences for data collection modality. A random sample of 20 % of eligible patients from the control practice was also contacted to complete a similar survey. Participants who completed this follow-up survey were entered into a monthly drawing for a $100 gift card.
Outcomes
The main outcome was the proportion of participating patients with new documentation of any family history condition, positive or negative, in a coded LMR fields within 30 days after the visit. Secondary outcomes included participation rates in each of the three intervention arms, the validity of the family history data. Secondary validation focused on a limited set of core conditions, including coronary heart disease (CHD), diabetes, cancer (by type) and Alzheimer's disease. Data from the follow-up survey was used to assess patient-doctor discussion of family health history, preferred route of reporting, and access to home internet.
Statistical Analysis
Three intervention practices were compared to the usual care practice. Logistic regression models were used to compute odds ratios (ORs) and 95 % confidence intervals (CIs) for the documentation of new family history data for the intervention compared to control patients, adjusting for sex, age, race/ethnicity, education, marital status, clinic, and personal history of breast or colorectal cancer, heart disease, and diabetes. The statistical analyses were conducted using SAS version 9.2 (Cary, NC), with p<0.05 as the criteria for statistical significance.
RESULTS
Recruitment and Enrollment
Rates of contact and reasons for non-contact varied by study arm (Table 1) . Participation rates were modest for all three modalities (9.8-14.6 %). Reasons for non-participation varied. Patients in the laptop arm were most likely not to be contacted (79.5 %), as enrollment was limited by the availability of study staff to recruit patients. Sixty-eight percent of patients in the portal practice were also never contacted as they did not open their study invitations. In contrast, the majority of patients in the IVR intervention and control survey practice were reached. Of those reached, rates of study opt-out also varied greatly across the different modalities, with the highest opt-out rate for IVR and the lowest for the laptop, likely because the patients were approached by study staff and were offered assistance when needed. For patients in the IVR arm who participated, the median call length was 6 min (maximum length 33 min). Participants were similar to non-participants for average age, race/ethnicity, and educational status. Participants in the laptop clinic were more likely to be female (75.7 % versus 63.9 %, p= 0.03), but there were no differences in gender by participation status at other sites. Participants at the IVR practice were more likely to be married (58.1 % versus 36.1 %, p=0.01) but there was no difference in participation by marital status at other sites. The majority (50.6 %) of patient-reported family history data was never viewed by a provider, 29.5 % was accepted by the provider without modification, 7.1 % was accepted with modification, and 12.8 % was rejected.
Description of the Sample
The groups differed across multiple demographic categories, including age, race/ethnicity, language, level of education, and marital status, which was anticipated because of the differences in practice characteristics (Table 2) . Participants in the laptop group had few Spanish speakers despite the availability of MFHP in Spanish as the study staff did not speak Spanish; the patient portal did not have a Spanish option, and therefore participation was limited to English speakers.
Documentation of New Family History
Across the three intervention groups, 16.7 % (111/663) of patients had a new family history condition documented in their EHR compared to 1.7 % in the control group. In each of the three intervention arms, new documentation of family health history compared to the control group was significantly higher after adjustment for differences in sociodemographic characteristics (Table 3) . New documentation of family history was higher among participants in the laptop and patient portal practices than the IVR practice.
Genetic Counselor Validation of Family History
Through the validation of family history by a certified genetic counselor (Table 4) , it was found that users of all three tools reliably recorded the majority of first degree family members (68 %, 71 %, 78 %) and core conditions (64 %, 82 %, 80 %) correctly, but were less likely to record conditions beyond our core set, particularly in the IVR arm. Participants in the laptop arm were more likely to have family members added. The addition of diagnoses during the validation was most frequent in the IVR arm. The absence of diagnostic information was common in the IVR arm, and upon discussion with the participant, the genetic counselor added diagnoses for 41 % of participants (23 % for core conditions).
Patient Outcome Survey
In contrast to the low rates of documentation in the coded LMR fields, a large majority of patients in every group reported discussing family health history with their provider (71 % IVR clinic, 83 % laptop clinic, 91 % patient portal clinic, and 77 % control clinic, p=0.07 for comparison across groups). When given the choice of phone script, patient portal or waiting room laptop to do this type of data collection in the future, patient portal was preferred by the majority of individuals in the laptop, patient portal and control practices; but the automated phone script was preferred by the majority in the IVR clinic, perhaps because only 49 % of these individuals reported access to the internet at home.
DISCUSSION
While it is accepted that family health history is an inexpensive and simple tool for the targeted provision of preventive services and screening, 17 it is underutilized in primary care, 18 and barriers to implementation are welldocumented. 18, 19 We developed and evaluated three distinct EHR-integrated portals for engaging patients in the documentation of family history in an effort to overcome barriers to collection. We found significant increases in documentation in each of the three intervention arms despite modest levels of participation. Our study is one of the first to report on the integration of a patient-reported family health history tool with an EHR. Passed in 2009, the HITECH (Health IT for Economic and Clinical Health) Act requires that providers demonstrate "meaningful use" of EHRs, which is tied to fiscal compensation, and requires the electronic exchange of information between patients and providers. 9 The electronic capture of structured family history for first degree relatives is a stage 2 meaningful use "menu objective" (must select three of six items), which makes the development and testing of these types of tools timely. 20 While several studies have evaluated the use of electronic tools to assess family health history, these have largely not been linked to an EHR. Family Healthware TM is a selfadministered, web-based questionnaire, similar in format to the MFHP, developed by the Centers for Disease Control and Prevention, that is not EHR-integrated. 7 A study of this tool in primary care practices found that messages that were tailored to an individual's familial risk were associated with some lifestyle changes. 21 Use of the Genetic Risk Assessment on the Internet with Decision Support, a web-based tool that was not EHR-integrated, was associated with a significant increase in appropriate referrals to genetic clinics and with an improvement in practitioners' confidence in managing familial cancer. 22 The Genetic Risk Early Assessment Tool (GREAT) used IVR to collect family history before a cancer genetics visit, but was not EHR integrated. 23 In other work, we demonstrate that use of a web-based risk appraisal tool for EHR documentation of cancer family history in the waiting room was associated with increased EHRdocumentation of family history. 24 The integration of patient-reported family history may also improve decision-making tools for patients and providers for the use of preventative health care. 25, 26 Patient engagement is an important national health care priority, and collecting data directly from patients may facilitate this goal. These findings suggest that a waiting room laptop had the highest acceptance rate, but participation was limited by staff availability and may not work with all office workflows. While opt-outs were highest for IVR, participation could be facilitated by leaving a message or including an option for inbound calling. Our results suggest that a "one size fits all" approach to patient engagement is probably not best. Many patients did not have access to internet at home. 16 Meaningful use calls for providers to ask patients how they would like to be engaged, suggesting that practices will be need to be able to use different modalities for contact. Even patients with internet access may have concerns about providing health information over the net because of issues of computer proficiency or privacy concerns. 27 Increasing the availability of family health history in the EHR has the potential for both immediate uses as well as longer-term benefits. Immediate availability of family history in the EHR will allow for the identification of patients at risk for common disease, a necessary first step in the provision of targeted screening and prevention. With these data integrated into the EHR in a structured format, automated decision support tools can be used. Importantly, structured family history data will provide a longer-term benefit in contextualizing DNA sequence data.
12, 28 The results of this pilot trial suggest that each of the three electronic portals has the capacity to increase the availability of valid family health history in the EHR.
This study did not match the three practice groups based on demographics; this marks both a strength and a limitation. While demographic mismatches associated with the practicebased intervention assignments make it difficult to compare groups, we assigned interventions to maximize participation. Because each modality was only evaluated in one practice, our findings may not be generalizable; we chose MFHP as the internet tool because it is publicly available and output complies with EHR data standards. Because our system required a multi-step process to transfer the MFHP data into LMR, our findings may be more modest than systems where MFHP is integrated directly. Additional work is needed to assess whether integration of this type of information in an EHR improves the quality of preventive care and patient understanding of their personal risk.
Genetic counselor validation of individualized patiententered data is not feasible at scale, meaning that the validity gaps need to be identified and addressed via adjustments in the data collection tools. The under-reporting of first degree relatives and their diseases will likely be addressable by providing additional prompts and by allowing patients time to review data with their family members. The GREAT study found that 94 % of first degree relatives and 67 % of second degree relatives were identical on pedigrees collected by IVR as compared with a genetic counselor. 23 However, accuracy in this study may be higher in a population referred for genetic evaluation of cancer risk compared to primary care. In a subset of patients from the CLINSEQ study, it was also noted that there was an underreporting of data on core conditions that led to a lower sensitivity for self-reported data using MFHP.
14 In a surgical oncology setting a similar pattern was observed, namely that self-reported data has lower sensitivity compared to that collected by genetic counselors. 29 Some work suggests that data provided by electronic tools may be more complete and accurate. 30 Further work is needed to assess how to modify these tools to improve data completeness by streamlining the data collection and to promote physician use of patient reported data.
The alignment of patient interest, improved electronic tools, and provider incentives could lead to the more widespread incorporation of family health history data into EHRs, which could in turn improve screening and prevention. This study demonstrates that it is feasible to integrate a variety of portals with an EHR. Further research is needed to determine how best to use match these different portals to individual patients, how the tools can best be integrated with provider workflow, and to assess their impact on screening and prevention.
